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Methods	
•  Used	 two	 cre-dependent	 lines	 expressing	 in	 diﬀerent	 cell	 popula5ons:	 NR5A	 and	
GPR26	.	
•  S5mulated	and	suppressed	principle	neuron	ac5vity	during	the	post-gap	interval	(PGI)	
via	optogene5cs	 (Channelrhodopsin	 (ChR2)	and	Archaerhodopsin	 (Arch));	measured	
startle	aJenua5on	(Fig.	2).	
	
•  Anatomy	studies	done	by	taking	coronal	sec5ons	of	brain	for	the	cre-dependent	lines	(Fig.	4)	
	
	
	
	
•  Compared	laminar	distribu5ons	of	cre-posi5ve	cells	and	endogenous	output	neurons	
labeled	 using	 ﬂuorescent-retrobead	 injec5ons	 in	 inferior	 colliculus	 and	 medial	
geniculate,	the	two	major	outputs	of	auditory	cortex.		
•  Cells	were	quan5ﬁed	from	both	hemispheres.	
	
	
Introduc-on	
	
•  Auditory	cortex	is	necessary	for	brief	gap	detec5on.	1	
•  Cor5cal	spiking	ac5vity	during	the	post-gap	interval	is	cri5cal	
for	aJenua5ng	startle	reﬂex.	1	
•  Goal:	How	does	informa5on	ﬂow	through	cortex	to	facilitate	
gap	detec5on	(Fig.	1).	
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Results	
Behavior	
	
	
•  We	par55oned	auditory	cortex	into	sublamina	
for	quan5ﬁca5on	(Fig.	9)	
	
•  Penetrance	of	NR5A	and	GPR26	cell	lines	show	
GPR26	expressed	deeper	in	the	auditory	cortex	
than	NR5A	(Fig.	10)	
Conclusion	
•  S5mula5on	of	 cor5cal	neurons	mimics	
gap	detec5on,	the	Phantom	Gap	eﬀect.		
•  Inh ib i5on	 o f	 cor5ca l	 neurons	
decreased	gap	detec5on	in	GPR26	line	
but	not	NR5A	line.	
•  GPR26	 found	 to	 be	 predominantly	
layer	4	input	line	and	NR5A	is	layer	3.		
•  No	 change	 in	 startle	 aJenua5on	 in	
NR5A	 may	 be	 due	 to	 incomplete	
penetrance	 or	 no	 involvement	 of	 this	
popula5on	in	the	gap	detec5on	circuit.		
					Anatomy	
	
•  Cell	 expression	 of	 NR5A	 and	 GPR26	 line	 are	
mostly	non-overlapping	(Fig.	7).	
		
	
•  Principle	neuron	projec5on	(Fig.	8).	
•  Retrograde	transport	from	inferior	colliculus	
(IC)	and	medial	geniculate	(MG)	to	the	output	
layers	of	auditory	cortex	show	layer	5	output	to	
IC	and	layer	6	output	to	MG.		
Future	Direc-ons	
	
•  Determine	how	single	neurons	respond	
to	gaps.	
•  Further	 break	 down	 of	 circuit	 by	
analyzing	diﬀerent	cell	popula5ons.		
•  Further	behavior	 studies	by	 linking	gap	
detec5on	 with	 a	 behavioral	 task	 for	
mice	 to	 perform	 to	 see	what	 the	mice	
are	perceiving	(Fig.	12).		
Figure	1.	Simple	micro-canonical	circuit	with	input	and	output	layers.		
Figure	2.	Behavior	set-up.	a)	Measured	startle	aJenua5on	via	pressure	sensor.	b)	
Presenta5on	of	a	 loud	 s5mulus	during	80dB	white	noise.	 c)	 Inserted	a	 short	 gap	
50ms	before	the	loud	s5mulus.	Inser5on	of	gap	leads	to	increased	cor5cal	ac5vity	
during	PGI,	corresponding	to	smaller	startle	response.	
Figure	3.	Decreased	startle	response	
with	increased	gap	length.		
Figure	 4.	 Views	 of	 the	 mouse	 brain.	 a)	 top-down	 view	 of	 the	 dorsal	 surface	 b)	 coronal	
sec5on	through	the	brain	including	auditory	cortex.	Red	bar	in	panel	a	illustrates	posi5on	of	
sec5on	in	panel	b.	Red	sec5ons	in	panel	b	represent	dorsal	(AUD),	primary	(Au1)	and	ventral	
(AuV)	auditory	cortex.		
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Figure	6.	 Eﬀects	of	 s5mula5on	 (ChR2)	or	 inhibi5on	 (Arch)	of	 cor5cal	
cells.	 a)	 No	 change	 in	 startle	 aJenua5on	 in	 NR5A	 inhibi5on;	 b)	
decreased	 startle	 aJenua5on	 in	 GPR26	 inhibi5on;	 c-d)	 increased	
startle	aJenua5on	with	phantom	gap.	Cor5cal	s5mula5on	aJenuates	
the	startle	as	if	a	long	gap	has	been	presented,	an	eﬀect	we	refer	to	as	
Phantom	Gap	detec5on.			
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Figure	 7.	 Expression	 of	 cre-posi5ve	 lines.	 a)	 NR5A	 x	 AI14	 cell	
popula5on	 expression,	 layer	 3;	 b)GPR26	 x	 AI14	 cell	 popula5on	
expression,	layer	4;	c)	Overlap	of	NR5A	and	GPR26,	non-overlapping.		
Figure	9.	Division	of	auditory	cortex	and	quan5ﬁca5on	of	cells2			
Figure	10.	Penetrance	of	NR5A	and	GPR26	cell	 lines.	Across	auditory	
cortex,	 NR5A	 is	 more	 superﬁcial	 than	 GPR26.	 Addi5onally,	 there	 is	
incomplete	penetrance	of	principle	neurons.		
Figure	11.	Retrobead	projec5ons	from	IC	(a)	and	MG	(b);	c)	GPR26	cell	
popula5on	expression;	d)	overlap	IC	retrobead	and	GPR26;	IC	receives	
output	mostly	from	layer	5,	MG	receives	output	mostly	from	layer	6.		
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Figure	5.	 Expected	 startle	 responses	 to	optogene5c	manipula5on.	 a)	
cor5cal	 neuron	 inhibi5on	with	 Arch	 (green	 laser)	 b).	 cor5cal	 neuron	
s5mula5on	with	ChR2	(blue	laser)		
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Figure	8.	Projec5on	of	principle	neuron	in	NR5A	to	superﬁcial	layers.		
Figure	 12.	 Trial	 ini5ates	 when	 mouse	 presses	 center	 port.	 A	
500ms	burst	of	white	noise	plays.	 If	 there	 is	no	gap	 in	burst	of	
noise,	mouse	goes	 to	 leh	to	get	water	 reward.	 If	 there	 is	a	gap	
and	mouse	 perceives	 gap,	 mouse	 should	 go	 to	 right	 for	 water	
reward.	 If	 mouse	 goes	 to	 wrong	 port,	 no	 water	 is	 given.	 Will	
cor5cal	s5mula5on	in	the	ChR2	cross,	elici5ng	the	Phantom	Gap	
eﬀect,	elicit	behavioral	gap	detec5on?		
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